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PARTICULATE BLENDS AND COMPACTED PRODUCTS FORMED 
THEREFROM, AND THE PREPARATION THEREOF 

TECHNICAL FIELD 
This invention relates to new binders for particulate solids, and to the formation of new 
conqjacted products formed by use of such binders. In one of its embodiments tins invention relates 
to novel l,3-dihaIo-5,5-dimethylhydanloin oonqwsitions vsiiich, by virtue of tiieir physical forms and 
(^aiacteristics, are siq)erlative biocidal wster-treatmg agents and brominating agents. 

GLOSSARY 

As used herein tiie teams "halogen", "halogenated", and "halo" are witii reference to bromine 
or chlorine, or both. 

BACKGROUND 

As is well known, a wide variety of different products in the form of powders or small 
particles are converted into larger end use forms sudi as prills, flakes, granules, pills, caplets, tablets, 
wafers, briquettes, and pucks. In producmg such products, it is common to utilize materials known 
as bmders. Such materials, when mixed m suitable proportions with the powdra or small particles 
to be conq)acted, fecilitate the production of materials having desirable phjrsical and mechanical 
properties. While some binders have relatively broad qjplication to various powdery or small 
particle sized products, there are a number of mstances vAiesret the bindea: can only be used for 
conqjactionofcertain products and not for ofliers. A principal reason for such limitation is chemical 
incoinpatibility as between the bmder and certain powdery or small particle sized materials. A 
second reason for such Umitation relates to the property of certain binders to modify the solubility 
characteristics of tiie powdery or finely-divided substrate material. For example, some binders are 
diosen not only for tiieir ability to fedlhate con^iaction, but to raiable more rapid disintegration of 
tiie con5)acted form of the material, e.g., for more r^id uptake of a pharmaceutical by a consumer. 

One type of material tiiat tends to be difBcult to jHoduce in compacted forms such as tablets, 
granules, and briquettes is halogenated hydantoins, especially NJ^'-dihalogenated diallgrlhyantoin 
products such as l,3-dichloro-5,5-dimetiiylhydautoin, N,N'-bromochloro-5,5-dimefliylhydantoin, 
and l,3-dibromo-5,5-dimettiylhydantoin. Such materials are useM as biocides for tieating water 
such as recreational water, cooling water, process water, and wastewater. 
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The NjN'-dihalogenated dialkylhydantoin products are usually fonned as powdery solids. 
For use in many applications such as water treatment, the dry powders need to be converted into 
larger forms such as granules, tablets, or briquettes. Tins in turn has presented probl^ns associated 
with providing densified or compacted products with sufficient strength to withstand the physical 
stresses encountered in packaging, conveying, handling, shipping, storage, and use. The nature of 
these problems have been described, for example, m U.S. Pat Nos. 4,532,330; 4,560,766; 4,654,424; 
4,677,130; 4,745,189; and 5;565,576. The s^jproaches described in these patents for alleviating one 
or more such problems mvolve use of other materials. Thus in U.S. Pat Nos. 4,532,330 and 
4,621,096, halogenated dimethylhydantoins are mixed with calcium chloride and water, and the 
mixture is compacted by compression mto the desired shape. In U.S. Pat Nos. 4,560,766 and 
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compacted as such, or are meft blended with halogenated dimethylhydantoins. U.S. Pat No. 
4,677,130 describes forming dry blends of tiie halogenated dimethylhydantoin with particulate alkali 
metal or alkaline earth metal salt followed by compression to form a compacted product such as a 
tablet 

Manufacturers of halogenated hydantoins have sought to overcome these limitations by 
blending the inaterials with process additives designed to improve compaction characteri^ The 
presence of other halogmated hydantoins has also been indicated to provide benefits. For example, 
published PCT Application WO 97/43264 describes the use of l,3-bromochloro-5-methyl-5-propyl- 
hydantoin as a binder in making compacted forms of halogenated hydantoins. The presence of 
hydantoins having at least one ethyl groiq) m the 5-position is indicated to provide free flowing, 
dust-free powders which can be compressed into shapes without resorting to bmders, as detailed m 
U.S. Pat. Nos. 4,427,692 and 4,560,766. In U.S. Pat No. 4,677,130 a series of inorganic salt 
additives ranging from sodium carbonate to sodium metasilicate was indicated to improve the crush 
strength of halogenated hydantom tablets. Inert binders such as fatty acid salts and a hectorite clay 
were advocated in U.S. Pat No. 5,756,440, while the use of fatty acid amide bmder additives were 
described in U.S. Pat No. 5,565,576 and indicated to improve the compaction properties of 
halogenated hydantoins. U.S. Pat No. 5,780,641 describes a chemical composition comprising a 
halogenated hydantoin mixed with dry calcium hydroxide for the purpose of fecilitating processing 
and achieving a shape-retentive form. 

Unfortunately, almost all prior efforts in the compaction of halogenated hydantoins have not 
provided binders having satisfactory compaction characteristics along with good chemical 
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compatibility. Some of the classical binders polyvinylpyiroUdinone, cellulose compounds, 
glues, gums, sugars, and starches) which are used to compact other products would react with 
halogenated hydantoins, in some cases vigorously. Moreover, a number of bnider systems proposed 
for use with halograiated hydantoins do not provide compacted products having sufBcient physical 
and mechanical stabiUty. Low crush strength is often another deficiency of such compacted 
products. 

In addition to having a binder suitable for use with a wide variety of materials, and capable 
of producing compacted products having desirable physical and medianical properties, it would be 
of considerable advantage if sudi binder could be employed with materials suitable for human 
consumption. 

It can be seen that a need exists for a new type of binder having widespread applicability to 
powdery and finely-divided substrate materials, espedaUy halogenated hydantoins. It would be of 
particular advantage if such binders could pjovide compacted products having sapaior physical and 
mechanical properties. Moreover, it would be of inestimable value if the binder having these 
characteristics could itself be suitable for consumption by humans and animals. 

This invention is deemed to fulfill most, if not all, of the forgoing needs. 

SUMMARY OF THE INVENTION 

Pursuant to this mvention, a new type of binding ^ent for powdery or finely-divided 
materials has been discovered. These binders produce compacted compoations of great mechanical 
and physical strength. This highly beneficial result can be achieved with a wide variety of such 
materials inasmuch as these binders have good compatibility witii a vwide range of powdery or finely- 
divided materials.. Moreover, the binders used pursuant to this invention are suitable for ingestion 
by humans and animals. Purthemiore, tiiese binders are strongly hydrophobic, and consequently can 
be used for modifying the dissolution or release rate of the compacted material in aqueous media. 
Also, because tiiey are produced and used for otiier purposes, a number of the materials discovered 
to be binders pursuant to tiiis invention are available in tiie marketplace at reasonable cost. Thus, 
the invention enables tiie production of compacted conqwsitions such as granules, c^lets, tablets, 
briquettes, pucks, and other shapes witii very deshable properties on a highly cost-effective basis. 

Thus, in one of its embodiments, tiiis invention provides a sht5>e-retentive compacted 
composition. The composition comprises a pressure compacted blend of a powdery or finely-divided 
active mgredient and a binder quantity of a micronized synthetic polyolefin-based hydrocariion wax 
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and/or a micronized synthetic polyfluorocarbon wax. The wax used pursuant to this invention is 
compatible with the active ingredient 

In particular, prior small particle sized product, when released fix)m a tableting die, normally 
would "delaminate," meanmg that the compacted tablet would break ^part into smaller pieces. In 
sharp contrast, l,3-dihalo-5,5-dimethylhydantoins, especially l,3-dibromo-5,5-dimethylhydantoin, 
can be directly converted into tablets of high physical^integrity when using a suitable inicronized wax 
as a binder. 

In another of its embodiments, this invention provides a method of producing a shape- 
retentive compacted composition. The method comprises pressure compacting a blmd of a powdery 
or finely-divided active ingredient and a binder quantity of a micronized synthetic polyolefin-based 
hydrocarbon wax and/or a micronized synthetic polyfluorocarbon wax. Here again, the wax used 
is compatible with the active ingredient. 

Still another embodiment of this invention involves the provision of dry blends of a powdery 
or finely-divided active ingredient and a micronized synthetic polyolefin-based hydrocarbon wax 
and/or a micronized synthetic polyfluorocarbon wax, compatible with the active iogredient These 
blends are of particular utility in the manufecture of pressure compacted products formed therefrom. 
Thus, these dry blends can be produced, stored, and shipped to locations where such compacting 
operations are to be carried out Preferably, the amount of the micronized syntiietic polyolefin-based 
hydrocarbon wax and/or a micronized synthetic polyfluorocarbon wax is an amount vAdch is 
effective to form the compacted product witiiout fiirther addition of either component However, the 
proportions can be adjusted at the site of the compaction, if desired. 

The amount of the binding agent effective to form the compacted product may vary, 
depending upon tiie nature and characteristics of the active ingredient and the particular micronized 
wax being utilized. Thus the dry blends and the compacted products of this invention can contain 
varying proportions of these essential components. Generally speaking, the amount of the 
micronized wax in the dry blends and used m the formation of the pressure compacted products of 
this invention will fall within the range of 0.5 to 10 wt%, and preferably in fixe range of 1 to 5 wt%, 
based on the total weight of the active ingredient and the micronized wax. 

In preferred embodiments, tiie powdery or finely-divided material is an N-halo-5,5- 
dialkylhydantoin or, more preferably, an NJ^'-dihalo-5,5-dialkylhydantoin, materials which 
heretofore have proven exceedingly difficult to convert into compacted forms. Moreover, even when 
compacted, such prior compacted forms of the N,N'-dihalo-5,5-dialkylhydantoins were, in most 
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cases, of low strength and of high fiiability. It has been discovered that when low levels of the 
aforementioned waxes are mixed with a halogenated hydantoin, the wax acts as binder during 
pressure conq)action to yield a mechanically stable compacted form of mcreased strength and of low 
fiiability. Furthermore, it has been discovered that the waxes are chemically compatible with the 
halogenated hydantoin. 

A feature of this invention is that it is now possible to formulate blends of one or more 
halogenated hydantoms with one or more novel hinders so that con^>acted products having unproved 
physical and mechanical properties can be produced. Additionally, adjustment of the amount of 
bmder pemiits adjustments m the rate of dissolution of the active mgredient In short, the dissolution 
characteristics of the product can be tailor-made to suit the needs of flie mtended usage of the 
product. For example, it is possible to produce a compacted form with slow dissolution properties 
that would be desirable in a toilet bowl puck or in a swmmung pool formulation. Shnilarly, products 



1 for use in shock treatment of water 



with much more r^id dissohttion characteristics can be prex 
for microbiological control. 

Anotiier feature is fliat by use of tiie micronizsd wax binders, compacted products of this 
invention with crush strengths in the range of from 27 to 91 kg per 2.54 cm (60 to 200 pounds per 
inch) of tiiickness can be formed. Thus, fliese compacted products are capable of witiistanding, to 
a greater extent, the physical stresses encountered m packagmg, conveymg, handling, shipping, 
storage, and use. 

Other embodiments, features, and advantages of this mvention will become stiU further 
apparent from the ensuing description and appended claims. 

FURTHER DETAILED DESCRIPTION 

The exact mechanism by which the micronized waxes perform tiie function of producing 
durable pressure compacted shapes or fonns fiom powdery, finely-divided sotids is not known. 
Wifliout in any way bemg Imuted by tiieory, it may be tiiat the micronized wax serves m whole or 
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pressure, a fihn between adjacent particles that bonds tiie particles togeflia: and tinis acts like a 
pressure-activated cement It is also possible that tiie micronized wax serves in y^le or in part as 
a lubricant which, by reducmg the coefficient of friction among adjacent particles, enables tiie 
particles to come m closer contact with each otiier during appUcation of compressionpressure so tiiat 
' large numbers of mter-particulate bonding or fusion sites are created among tiie adjacent particles. 
It is also possible tiiat tiie micronized wax enables tiie particles to be more readily distorted under 
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compression pressure so that the particles can more completely bond or fuse together while under 
such pressure. Indeed, combinations of these and/or other mechanisms may be taking place during 
the application of the compression pressure to a mixture of the particulate substrate and the 
micronized wax. 

Therefore it cannot be over-emphasized that this invention is not intended to be limited, 
should not be interpreted as being limited, and is not to be limited in any way to any mechanism or 
theory of operatioiL Thus, for example, while flie term "binder" is used herein with reference to the 
micronized wax, such term is not intended to limit this invention to any mechanism, theory, or mode 
of operation; should not be interpreted as limiting this invention to any mechanism, theory, or mode 
of operation; and does not limit this invention in any way to any mechanism, theory or mode of 
operation. Rath^ the term is used to indicate that the micronized wax somehow or other fi^ 
such that when the compression pressure is released, the particles have come together into a durable 
form or shape that not only can be released from the mold or nip of the compression rolls without 
physical damage, but that possess the strengtii and durability to withstand the physical stresses 
encountered in packagmg, conveymg, handhng, shipping, storage, and use of the compacted article. 
Exactly how this result actually comes about in a mechanistic or theoretical sense is immaterial to 
the practice of this invention. Thepoint is: the invention works. How it works matters not 

Various micronized waxes cam be used in the practice of this invention. As noted above, 
these miCTonized waxes are typically micronized polyolefin waxes, or micronized polyfluorocarbon 
waxes, or mixtures thereof. While the average particle size of the wax can vary within reasonable 
limits, preferred micronized waxes typically have, prior to compaction, an average particle size of 
no greater tiian about 15 microns. Similarly, preferred micronized waxes typically have, prior to 
compaction, a maximum particle size of no greater than about 40 microns. In most cases, the 
micronized wax has, prior to compaction, a bulk density in the range of 0.9 to 1 A grams per cc at 
25^C. Another characteristic of preferred micronized waxes is that they at least partially melt at a 
temperature in the range of 1 00°C to 1 50°C. 

Among particularly preferred micronized polyethylene waxes are those which, prior to 
compaction, (a) meh at a temperature in the range of lOP^'C to 1 1 l^C, or (b) have an average particle 
size in the range of 6.0 to 8.0 microns, or (c) a maximum particle size of about 22 microns, or (d) 
have a combination of any two or all three of (a), (b), and (c). 

Included among particularly preferred polypropylene waxes, are those materials which are 
characterized, prior to compaction, by having (a) a melting temperature in the range of 140°C to 
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143°C, or (b) an average particle size in the lange of 5.0 to 7.0 microns, or (c) a maximum particle 
size of about 22 miacons, or a combination of any two or all three of (a), (b), and (c). 

Particularly preferred micronized wax blends include micronized polyolefin and polyfluoio- 
carbon wax blaids which, prior to compaction, at least partial^ melt at a tempetatuie in the range 
of 104'C to 126°C. Among tiiese blends are those whidi, prior to conqjaction, (a) partially melt at 
a temperature in the range of 104''C to 1 10°C. or (b) have an average particle size in the range of 5 
to 7 microns, or (c) have a maximum particle size of about 22 microns, or (<^ have a combination 
of any two or all three of (a), (b), and (c). Also included among these blends are those which, prior 
to compaction, (a) partially melt at a temperature in the range of 124''C to 126°C, or (b) have an 
average particle size in the range of 9 to 1 1 microns, or (c) have a maximum particle size of about 
3 1 microns, or (d) have a combination of any two or all three of (a), (b), and (c). 

Other particularly prefened micronized waxes are modified polyfluorocarbon waxes vAdch, 
prior to compaction, (a) partially melt at a temperature in the range of 108°C to 1 15°C, or (b) have 
an average particle size in the range of 5 to 6 microns, or (c) have a maximum particle size of about 
22 microns, or (d) have a combination of any two or aU three of (a), (b), and (c). 

Various mefliods can be used in forming the dry blends of this inventiorL Among preferred 
metiiods are use of ribbon blenders or tumble blenders for mixing the active ingredient and the 
micronized wax. Equipment of tiiis type is readily available in tiie marketplace from a number of 
reputable si^pliers. As noted above, the amount of tiie micronized wax in the dry blends of this 
invention wiU fell witiiin tiie range of 0.5 to 10 wt%, and preferably in tiie range of 1 to 5 wt%, based 
on tiie total weight of tiie active ingredient and tiie micronized wax. It will be understood and 
^jpreciated tiiat departures fmm tiiese ranges are permissible witiiout departing from tiie scope of 
this invention, vrfienever such departures are de^ed necessary or appropriate. 

Numerous active ingredients can be utilized in forming the dry blends and tiie compacted 
products of tiiis invention. Included among such active ingredients are, for example, pharmaceu- 
ticals, dietary supplements, agricultural chemicals, animal feeds, water treating agents, biocidal 
agents, polymer additives, pesticides, and similar substances which are normally in tiie solid state 
of aggr^ation. In the blending and compaction of such active ingredients, additional components 
can be included in order to partake of tiieir desirable fiinctions and characteristics. Such additional 
components, often termed excipients, include lubricants, disintegrants, and mold release agents. 
Otiier optional ingredients which may be used in tiie formulation of products include ficagrances. 
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Stabilizers, adjuvants, corrosion inhibitors, dyes, surfactants, synergists, effervescents, diluents, 
builders, chelating agents, and buflfers. Such ancillary materials should of course be conq)atible wifli 
the active ingredient and not interfere in any material way with its performance characteristics. 

Another feature of this invention is that certain powdery or finely-divided active ingredients, 
when blended with a suitable miax)nized wax, can be converted directly into pressure compacted 
forms, such as caplets or tablets. 

One preferred group of active ii^edieints for use m the practice of this invention are the 
finely-divided or powdery profen pharmaceuticals, such as, for example, ibupiofen, ketoprofen, 
n^roxen, piijirofen, carprofen, flurbiprofen, and similar non-steroidal analgesics of this gsieral type. 

Another preferred group of active ingredients used m the practice of this invention is 
comprised of l,3-dihalo-5,5-dialkylhydantoins, especially l,3-dibromo-5,5-dimethyl-hydantoin, 1,3- 
dichloro-5,5-dimethylhydantom, l-bromo-3-chloro-5,5-dimethylhydantoin, and l-chloro-3-bromo- 
5,5-dimethylhydantom, or mixtures of two or more of them. These are bioddal agents for use in 
water treatmrat These compounds are, in general, sparingly soluble in water. Thus ^ically for 
water treatment applications l,3-dichloro-5,5-dimethylhydantoin is supplied in the form of a puck 
for insertion into a toilet tank. These pucks apparently are formed by use of one or more binders, 
suchas l,3-dicWoro-5-e(hyl-5-methymydantoin and/or ethylenebis(stearamide). NJ^'-bromochloro- 
5,5-dimethylhydantoin is supplied in solid forms such as granules, tablets, or briquettes for delivery 
into the water being treated by means of water flow through an erosion feeder, or in the form of 
pucks for insertion into a toilet tank. Here again, these solid forms apparently are produced by use 
of one or more binders such as l,3-dichloro-5-ethyl-5-methylhydantoin and/or ethylenebis- 
(stearamide). 

In converting the l,3-dihalo-5,5-dimethylhydantoin/binder hlmds of this invention into 
granules, conventional processing equipment can be used under the usual operating conditions. 
Typically, the l,3-dihalo-5,5-dimethylhydantoin/binder blend is compressed into sheet form by 
naeans of a roll compactor. This sheet in tum is broken up into small granules by a mechanical 
device, such as a Chilsonator® breaker (The Fitqpatrick Company, Ehnhurst, Illinois). The granules 
are then classified by screening into the desired size range. Undersized granules are typically 
recycled to the roll compactor, whereas oversized granules are recycled to the breaker device. 

Average particle size and particle size distribution of the powdery or finely-divided substrate 
ingredient(s) can vary widely. The only true limitation is that the ingredient(s) being compacted to 
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the micronized wax are not so large or of such character that despite die appKcation of the 
compression pressure and the presraice of die micronized wax, sudi mgiedient(s) are inc^able of 
being compacted and bound togedier into a durable form or sh^, TypicaUy this mvention can be 
used successfully to form durable compacted articles fisom submicron-sized powders up to granules 
as large as about 3 U.S. standard mesh size. However, preferably the substrate mgredient(s), such 
as for example one or more l,3-dihalo-5,5-dialkylhydantoins, and especially 13-dibromo-5,5- 
dimethylhydantoin, being sh£5)ed or formed pursuant to this invention will have particles with a 
.particle size in the range of from 20 microns vptoi U.S. Standard mesh size. Typically the avera^ 
particle size of such l,3-dihalo-5,5-diaIkylhydantoins will be in the range of 20 to 600 microns. 
Preferred for use with a binder of tiiis invention is l,3-dihromo-5,5-dmietiiylhydantoin particulate 
solids having an average particle size in the range of 175 to 400 microns. Neverflieless departures 
from tiiese sizes are permissible v(*enever deemed desirable or qjpropriate, and tiius are within the 
scope of this invention. 

The formation of tablets and olher conqnessed shapes such as briquettes from the blends of 
tiiis invention can utilize convaitionally known processing equipnent and, fi)r the most part, known 
procedures. However, in conAicting compaction of the blends of tins invention, it is unportant tiuit 
the compaction pressure be sufficient to induce plastic deformation and mterparticulate binding of 
the particles. At die same time, die compaction pressure should not be so great as to produce a 
compacted product which delaminates. Typically, suitable compaction pressures in the practice of 
this invention will fell witiiin the range of 6,895 to 206,850 kPa (1000 to 30,000 psi), and preferably 
in the range of 34,475 to 172,395 kPa (5000 to 25,000 psi). Such compaction can be conducted 
usmg, for example, a rotary tableting press operated at conventional rotational speeds. Another 
metiiod for accomplishing die compaction is by means of pressure extrusion dnough a die orifice, 
while concurrently shearing die extrudate to produce compacted shapes of die desired size. In such 
operations, die compaction pressures witiim die die should be sufficient to mduce plastic deformation 
and interparticulate binding of tiie particles, but insuffidart to produce a compacted product which, 
when extiuded, undergoes an elastic recovery of a magnitude diat causes delammation of the 
compacted extrudate. 

When carrymg out conqiaction of a blend of tins invention, it is desirable, but not essential, 
to ^ly a pressure agglomaation lubricant to die compaction surfeces of the tooling so as to reduce 
die coefficient of friction between die material bemg compacted and die toolmg. Whai usmg such 
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lubricant, it is possible to utilize any of a variety of lubricants conventionally used for this purpose. 
However, a feature of tbis invention is that it is highly advantageous to employ, as such lubricant, 
a micronized wax of the type described herein. Not only is the wax ahighly effective lubricant, but 
in addition, the resultant compacted product is free from contamination by an additional con^nent, 
namely a lubricant different from the micronized wax. 

In operations conducted on a small scale using manually filled dies, l,3-dihromo-5,5- 
dimethylhydantoin/binder blends of this invention have been successfully compacted directly into 
tablets. The tablets when released from flie dies were intact and exhibited no visual surface 
imperfections. 

When converted into tablets, briquettes, pucks, and other compacted shapes, the blends of 
this invention result in compacted forms of greater crush strCTgth. 

Granules, tablets, and briquettes produced from l,3-dihalo-5,5-dimethylhydantoms of this 
invention are of particuljar utility as biocidal agents used for treating swimming pools, spas, toilet 
bowl cleaners, cooling towers, air washer systems, waste water, pulp and papesr processing 
operations, oil field applications, and decorative fountains. Procedures utilizing such articles as 
biocides in the treatment of water are more fully described in commonly-owned co-pending 
AppUcationNo. 09/484,938, filed January 18, 2000. 

As also described above, this invention provides products in which one or more of the 1 ,3- 
dihalo-5,5-dimethylhydantoins blends of this invention are converted into granules, caplets, tablets, 
briquettes, pucks, or any other large size product, however produced. Typical operations of this type 
have been described above. 

While there are no hard and fast rules governing differentiation with respect to size among 
granules, caplets, tablets, briquettes, and pucks, typically granules are regarded as being particles 
ranging in size from 80 to 3 U.S. standard mesh size. Caplets generally are in the range of 1.27 to 
2.54 cm (0.5 to 1 inch) in length and with a cross-sectional width in the range of 0.635 to 1 .27 cm 
(0.25 to 0.5 inch). Tablets typically fall in the range of from 1.27 to 2.54 cm (0.5 to 1.0 inch) in 
diameter and 1 .27 to 2.54 cm (0.5 to 1 .0 inch) in thickness. Briquettes will normally range in size 
from 1.27 to 10.16 cm (0.5 to 4.0 inches) in length, fix)m 1.27 to 10.16 cm (0.5 to 4.0 mches) in 
width, and from 1.27 to 6.35 cm (0.5 to 2.5 mches) in height. Pucks are normally disc-shaped 
objects having a diameter up to about 7.62 cm (3.0 inches) and a thickness m the range of 1.27 to 
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2.54 can (0.5 to 1.0 inch). It vdU be undeistood and q5)reci^ 
not intended to unduly limit the scope of this invention. 

Moreover, when compacted with a suitable bmder of this invention, granules, tablets, 
briquettes, or other relatively small shapes fonned from the 13-dihalo-5,5-dimethyIhydantoms of 
this invention have excellent physical properties for use in water-treatment systems. The shapes 
erode at slow, biit essentially constant rates when mamtamed in a constant flow of water. They 
wiftstand the customary physical stresses encountered in packaging, conveying, handling, shipping, 
storage, and use. The compacted soUd fonns of this invention produced directly from flie 1 ,3-dihalo- 
5,5-dimethylhydantoin/micronized wax blends have excellent crush strength. M feet, such solid 
forms can be produced as even larger non-fiiable sh^ articles such as toilet bowl and swimming 
pool pucks. 

The following Examples are presented to illustrate the practice of, and advantages made 
possible by, this invention. These Examples are not intended to liinit, and should not be construed 
as limiting, the scope of this invention to the particular operations or conditions described therein. 
In all operations described m the Examples m which tablets were produced (other Aan Examples 8 
and 10), the interior surfaces of the die were Ughtly dusted with a micronized polypropylene wax as 
a lubricant prior to filling the die with the powder to be compacted. In Table 1, and in Tables 3-5-, 
the abbreviation DBDMH is used to represent l,3-dibromo-5,5-dunethylhydantom. 

EXAMPLE! 

2.5 Grams of a micromzed polyethylaie wax (N4PP-61 1, Micro Powders Inc., Tanytown, 
New Yoik), was weighed into a crystallizing dish, followed by 13-dibrDmo-5,5-dimefliylhydantoin 
(47.5 g). A broad-bladed spatula was used to blend the mixture rather like a cook might blend butter 
into flonr. After 10 minutes of hand mbdng in this feshion, die product was admitted to a glass bottle 
which was rolled to assess the flowability of the mixture. The flow properties of the blend were 
improved aver the properties of the 1 ,3-dibromo-5,5-dimethylhydantoin used to make the blend. 

EXAMPLE 2 

2.5 Grams of polypropylene wax (MICROPRO 400, Micro Powders Inc., Tanytown, New 
York), was weighed mto a aystallizmg dish, followed by 13-dibromo-5,5-dimethy%dantoin (47.5 
g). This mixture was blended as descaibed in Example 1 , and transferred to a glass bottle xndrich was 
roUed to assess the flowability of the blend. Its flow properties were improved over the properties 
of the l,3-dibromo-5,5-dimethylhydantoin used to make the blend. 



11- 



wo 01/52651 



PCTAJSOl/01545 



EXAMPLE 3 4> 

The 1 ,3-<Ubromo-5,5-diine11iylhydantoin blends prepared in Bcamples 1 and 2 were subjected 
to a compaction test Each sample was weighed, and introduced into a L8 cm (0.71 inch) diameter 
die made fiom Hastelloy® C alloy and compacted using a screw-driven Sintech® press (MTS Systems 
C^oiporation, Edenprairie, Minnesota) equipped with a punch also made of Hastelloy® C alloy, to a 
pre-set pressure. Prior to filling the die, its interior surfeces were lightly dusted with a micronized 
polypropylene wax (MICROPRO 400 Micro Powders Inc., Tarrytown, New York) to serve as a 
lubricant. There was no dwell time upon attaining the compaction pressure (i. c. , the pressure was 
released immediately). Upon extraction of the tablet jfrom the die, the thickness of the tablet was 
measured with a micrometer, and a visual observation of the tablet was made. 

For comparison, the blends were compared to unblended virgin commercially produced 1,3- 
dibromo-5,5-dimethylhydantoin with an average particle size of about 64.5ji, and a commercial toilet 
bowl product (abbreviated in Table 1 as CTB product), which is known to be a mixture of other 
halogenated hydantoin compounds. This toilet bowl puck was purchased firom a supermarket, 
ground to a powder with a mortar and pestle, and recompacted as above described. 

Table 1 lists the e>qperimental conditions and the observations. 



TABLE 1 













DBDMH/5 wt% 
MPP-611 wax 


5.0g 


34,475 kPa 
(5000 psi) 


0.989 cm 
(0.389 in.) 


intact tablet, smooth shiny sur- 
faces 


DBDMH/5 wt% 
MICROPRO 400 
wax 


5.0g 


34,475 kPa 
(5000 psi) 


0.950 cm 
(0.374 in.) 


intact tablet, not 100% mold 
release from top punch 


DBDMH - without 
wax binder 


2.5g 


34,475 kPa 
(5000 psi) 




tablet shattered and laminated 
upon removal from die 


CTB product 


2.5g 


34,475 kPa 
(5000 psi) 


0.559 
(0.22 in.) 


intact tablet 



EXAMPLE 4 

A l,3-dibromo-5,5-dimethylhydantoin/5 wt% MPP-61 1 tablet produced in Example 3 was 
placed in a glass beaker of water. The tablet appeared to do nothing. Its physical integrity remained 
intact as it slowly dissolved over a period of several months. In order to prove that it was releasing 
dissolved halogen, the tablet was removed from the water, washed with deionized water and dried 
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with a paper towel. A plastic wash bottle was then used to wash the tablet into a deionized water 
sohition containing N^-diethylphenylenediamine (DPD) powder. This solution immediately tamed 
pink when the wash water was mtioduced, proving that soluble halogen was being washed fiom the 
tablet In this connection, DPD is an mdicator of high sensitivity used to detect the presence of 
soluble halogen at the parts per milUon level. In the presence of such quantities of dissolved 
halog^ the DPD turns pink. 

EXAMPLES 

l,3-Dibromo-5^-dimetiiylhydantoin was blended widi micronized polyefliylene wax (MPP- 
61 1) such that the blend contaioed 3 wt% of the wax. A sample of the blend (5 g) was compacted 
as described in Example 3 above. Three more samples of the blend (5 g each) were conqwcted in 
the same manner, and each time a single tablet was edracted &om ibs die after the pressure had beem 
released. The tablets were manually broken mto two equally-sized pieces. One half of each tablet 
was crushed mto a powder wilh a mortar and pestle, and the powder was titrated usmg the standard, 
well-known, iodometiic mefiiod witii a stardi indicator to determine flie wt% of active hromme. The 
other half of each tablet was placed in a sealed glass vial and placed in an oven at 50°C. Afier 30 
days, the samples were removed fiom the oven, ground up, and titrated to determine its wt% of 
active bromine using the same analytical method. For comparative purposes, a control sample of 
commercially-produced l,3-dibromo-5,5-dimethylhydantoinhaving an average jwrticle size of about 
64.5^1 (containing no micronized polyethylene wax) was subjected to the same operations. In the 
case of this control sample, despite the Ught dusting of the die with the micronized polypropylene 
wax, it was not possible to extract a single tablet from the die, and thus only shattered laminates 
could be tested. 

Table 2 lists the results obtamed for four samples of l,3-dibromo-5,5-dime%]hydantom/3 
wt% micronized polyethylene wax blends, along with the control sample containing no additive. 
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TABLE 2 











Sample 1 


53.4 


53.3 


Sample 2 


53.3 


53.6 


Samples 


54.2 


53.3 


Sample 4 


53.3 


53.7 


Control 


55.3 


55.2 



The data in Table 2 indicate that, within the reproducibility of the analytical technique used, 
the presence of 3 wt% of micronized polyethylene wax in a l,3-dibromo-5,5-dimethylhydantoin 
tablet does not induce a loss of active bromine after storage at 50°C for 30 days. This absence of 
active bromine loss demonstrates the chemical compatibility of l,3-dibromo-5,5-dimethylhydantoin 
and micronized polyethylene wax. 

EXAMPLE 6 

The strength of l,3-dihromo-5,5-dimethylhydantoin blends with different amounts of 
micronized polyethylene wax, tableted as described in Example 3, was measured in a series of crush 
strength tests. In each test, tablets made j&rom 5 g of blended material were used. After extraction 
of each tablet from the die, a visual observation of the tablet was made, and the tablets were then 
aged for 6 days at room temperature. Thereupon the tablets were subjected to the crush strength 
testing utilizing a Sintech® 1/S compression apparatus (MTS Systems Corporation, Edenprairie, 
Minnesota) equipped with Testworks software, which software is installed in the 1/S compression 
apparatus as supplied by MTS Systems Corporation. The apparatus includes a horizontal circular- 
shaped load cell interfaced with a computer, a digital micrometer also interfaced with the computer, 
and a vertical screw-driven piston that is disposed above the load cell and adapted to apply a 
downward force perpendicular to the load cell. The procedure for measuring crush strength involves 
measuring the thickness of the tablet with the micrometer to provide a digitized input to the 
computer. Next the tablet is placed on its edge on the load cell with the piston in contact with the 
upper edge of the tablet. Then the apparatus is activated whereby the piston coromences applying 
a progressively increasing downward diametral force to the tablet At the same time, the load cell 
continuously measures the downward force bemg applied to the tablet, and the input of such 
measurements is transmitted to the computer. When the force bdng applied reaches the point where 
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the amount of force suddenly decreases to 10% of the immediately preceding force, the tablet has 
reached the breaking point, and the appUcation of the force is immediately terminated by the 
software program. From the iapvtts to the conq>uter, two values are provided, namely the poimds of 
force at the breaking point of Ae tablet, and the pounds of force per inch thickness of the tablet at 
the breaking point Thus the greater the force qjplied, the greater the crush strength. 

The crush strength of the tablets was compared to a commercial toilet bowl product 
(abbreviated as CTB product in Table 3). This product was purchased from a sjqwrmarket, ground 
to a powder, and re-compacted under the conditions described above. 

Table 3 summarizes the observations and results. The crush strength data represent an 
average of 3 separate measurements. 



TABLES 




DBDMH/S vV/o MPP-61 1 wax 



0.97 cm 
(0.38 in.) 



42.5 kg/2.54 cm 
(93.7 IbJm.*) 



Intact tablets, shiny surfiices, 
low dust 



DBDMH/3 wt% MPP-61 1 wax 



0.97 cm 
(0.38 in.) 



26.3 1^.54 cm 
(57.9 Ib/m.) 



intact tablets^ shiny sur&ces, 
low dust 



DBDMH/2 wt% MPP-61 1 wax 



0.94 cm 
(0.37 in.) 



16.8 lcg/2.54 cm 
(37.0 Ibyin.) 



intact tablets, shiny sur&ce, 
low dust 



CTB product 



1.12 cm 
(0.44 in.) 



25.1 kg/2.54 cm 
(55.2 JbM.) 



intact tablets, duU surfices, 
dusty 



*An estimate because 2 of the 3 tablets did not break before the limit of the load cell was exceeded. 

The data m Table 3 clearly dranonstrale that the crash strength of the tablets is a function of 
the microni2Bd polyethyleae wax loswling, and that vs^en using miraonized polyethylene wax with 
l,3-<iibromo-5,5-dimethylhydantoin, it is possible to obtain a stronger product than a commercial 
toilet bowl product. 

EXAMPLE? 

A series of difGaent blends was prepared using a variety of miax)nized waxes (purchased 
from Micro Powders Incorporated, Tarrytown, New Yoric). Each blaid was prepared in the fashion 
described in Example 1, such that the blend contained 3 ^wt% wax. Tableting and crush strength 
testing were performed as described in Examples 3 and 6, respectively. 

The crush strength of the tablets was compared to a commercial toilet bowl product 
(abbreviated as CTB product in Table 4). This commercial toilet bovA product was purchased from 
a supermarket, ground to a powder, and re-tableted under the conditions described in Example 3. 
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Table 4 summaiizes the observations and results. The crush streogth data represent 
average of 3 separate measurements. 

TABLE 4 











Polyfluo200wax 


0.97 cm 
(038 in.) 


13.7 kg/2.54 cm 
(30.2 lb/in.) 


Intact tablets, tend to end-c^ on 


Polyfluo 400 wax 


0.94 cm 
(037 in.) 


10.1kg/^.54cm 
(222 lb/in.) 


Intact tablets, tend to end-cap on 

breflkin p 


MICROPRO 400 wax 


0-91 cm 
(036 in.) 


5.4 kg/2.54 cm 
(11.8 lb/in.) 


Intact tablets, tend to end-cap on 

breaking 


Synfluo 180 VF wax 


0.97 cm 
(038 in.) 


17.2 kg/^.54 cm 

(37,8 Ib/ia) 


Intact tablets, tend to ^d^p on 
breaking 


Polysilk 600 wax 






Powder is discolored, diemical in- 
compatibility; no tablets were made 


Emdy Tack 140 resin 


0.99 an 

(0.39 in.) 


12.5 kg/2M cm 
(27.5 Mn.) 


Intact tablets are discolored, chemi- 
cal incompatibility 


CTB product 


1.12 cm 

(0.44 in.) 


46.4 kg/2.54 cm 
(1023 JbTm.) 


Intact tablets 



Although in the tests summarized in Table 4 the l,3-dibromo-5,5-dimethylhy- 
dantoin/micTOtiized wax tablets are not as strong as the prepared sample of CTB product, 
nevertheless all of the micronized waxes served as effective binders for l,3-dibroino-5,5- 
dimethylhydantoin in that they produced whole tablets and that ranained intact whm extracted fiom 
a die, and that exhibited adequate crush strength. However, a micronized modified petroleum resin 
(Handy Tack 140, Micro Powders Inc., Tarrytown, NY) and a fluormated hydrocarbon mixture 
(Polysilk 600, Micro Powders Inc., Tanytown, NY) both display signs of chemical incompatibility 
with halogenated hydantoins. 

EXAMPLES 

A ribbon blender with a volume of two cubic feet was used to mfac 25 kg of 1 3-dibromo-5,5- 
dimethylhydantoin having an average particle size of 64.5ji, with micronized polyethylene wax 
^P-61 1) to achieve loadmgs of 2.0 wt% and 2.5 wt% of wax. The mixing time was 60 minutes 
in each case. A double-cone, tumble blender with a volume of 5 cubic feet was used to tumble mix 
25 kg of 1 ,3-dibiomo-5,5-dimethylhydantoin with micronized polyethylene wax to achieve a loading 
of3wt%ofwax. The mixing time was 240 minutes. 
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Each blrad was passed through a Chilsonatoi® hreaka: (The Fit2patrick Company, Ehnhurst, 
niinois) and a set of screens to produce compacted granules of U.S. mesh size 12 to 18. Vi^in, 
commercially produced 13-dihromo-5,5-dimethymydantoinhaving an average paiti 
wftommicronized polyethylene wax was also passed th^ Thismaterial 
did not compact and fomi granules. Instead, the unblended material exiting the Chilsonatoi® was 
mostly loose powder. 

The granules of each 13-<iibromo-5,5Klimethy%dantoiii/microni^ 
were introduced to the feed hopper of a rotary tablet press. The turret contained 18 die cavities, each 
of which is 1.905 cm (0.75 mches) in diameter, which was automatically filled with granules which 
were compressed between two punches made of Hastello/^ C alloy The tablets ejected from the 
tablet press were collected, and 7 days later were subjected to crush strength testing as m Example 
6. The results given in Table 5 are an average ofat least 3 tests. 




TABLES 



2 wt% MPP-61 1 wax, V-blend«- 



124 cm (0.49 in.) 



7.5 kg/!2.54 cm 
(16.6 IbAin) 



2.5 wt% MPP-61 1 wax. Ribbon 



1.24 cm (0.49 in.) 



8.8 kg/2.54 cm 
(19.3 Ib/in) 



3 wt%MPP-6U wax. Ribbon 



1.83 cm (0.72 in.) 



10.9 kg/2.54 cm 
(24.1 Mm) 



The main findings from the runs m Example 8 were that the commercially produced 1,3- 
dibromo-5,5-<iimethylhydantom with an average particle size of about 64.5^1 alone cannot be 
compacted into granules suitabte for making tablets, and that the presence of micronized 
polyethylene wax (MPP-61 1) with suchfinely-divided U-dibiomo-5,5-dimethyIhydantoinproniotes 
the process of compaction mto granules. These granules can be fed to a tabletmg machine and 
compacted into tablets. The steengfli of the tablets is governed by the amount of micronized 
polyethyltaie wax presaiL The higher the loading of micronized polyethylene wax, the stronger the 
tablet 

EXAMPLE 9 

The crush strength of tablets formed fiom large avaage particle sized l,3-dihromo-5,5- 
dimethylhydantoin formulated with a binder was measured as in Example 6. This 1 ,3-dibromo-5,5- 



17 



wo 01/52651 



PCT/USOl/01545 



dimethylliydantoin had an average particle size of about 189 microns, and the binder was a 
micronized polyethylene wax (MPP-611), and the binder was 3 wt% of the blend. As in Example 
6, the crush strength measurements were made utilizing the Sintech 1/S compression apparatus 
equipped with Testwoiks software. The procedure for producing the tablets was as described in 
Example 3. The results of the crush strength tests are summarized in Table 6. 



TABLE 6 









0.945 cm (0.372 in.) 


18.1 kg (39.8 lb.) 


48.7 kg/2,54 cm (107.2 IbVin.) 


0.953 cm (0.375 in.) 


20.4 kg (44.9 lb.) 


54.4 kg/2.54 cm (119.9 Ib/m.) 


0.953 cm (0375 in.) 


17.0 kg (37.5 lb.) 


45.4 kg/2.54 cm (100,0 Ib/m.) 


0.953 cm (0.375 in.) 


16.4 kg (36.1 lb.) 


43.8 kg/2.54 cm (96.5 Ib.^.) 


0.958 cm (0.377 in.) 


17.1 kg (37.6 lb.) 


45.3 kg/2.54 cm (99.7 Ibyin.) 


Averaged Results 


17.8 kg (39.2 lb.) 


47.5 kg/2.54 cm (104.6 Ib/m.) 



EXAMPLE 10 

Tableting operations were carried out using three differoit samples of l,3-dibromo-5,5- 
dimethylhydantoin. In these operations, a 6.35 cm ^.5-inch) diameter stainless punch and die were 
used to con^pact samples weighmg 63.8 grams each. The objective was to produce very large tablets. 
A thin fihn of silicone oil lubricant was qjplied to the internal feces of the pundi and die to promote 

■ 

good mold release. A Carver Press was used to apply a pressure of 34,475 kPa (5000 psi) to the 
material. There was no dwell time, and the pressure was immediately released on obtaining 34,475 
kPa (5000 psi). On extraction from the die, a visual observation of the compacted form was made. 
Table 7 summarizes the information obtained from these operations. 
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TABLE? 



Saix^)le produced by process of 
Application No. 09/484,844 with 5 
wt% of micranized polyetiiylene 
wax as binder 



133.4 microns 



Intact tablet with smoofli sm&ces 
and no surface defects 



Sanq>Ie produced by process of 
Application No. 09/484,844 
without bind^ 



133.4 mi( 



Intact tablet exhibiting some end 
capping; softer tablet than tide above 



Commercial sample without bind^ 



64.5 microns 



Tablet delammates on expulsion 
&om die and shatters into pieces 



In order to demonstrate the eflBcacy of the binders of this invention in producing tablets or 
caplets for pharmaceutical usage, operations were conducted in which the substrate pharmaceutical 
used was naproxen. TTiese operations are described in Example 11. 

EXAMPLE 11 

A blend of commercially avaflable virgin naproxen powder (Albemarle Corpomtion, 
Richmond, Virgmia) and mictonized polyetiiylene wax (MPP-61 1 ; Micro Powders, Inc., Tanytown, 
New York) was formed Theblendcontamed 10wt%oftiienucn>iuzedwax. Two 250 mg samples 
and three 318 mg samples of this blend were compacted in an imprinted stainless steel punch and 
die set of 030 cm (0.12-inch) cross-sectional area. Upon attaining a pressure of 171,250 kPa (25,000 
psi), the pressure was released. When tiie top and bottom punches were separated, ^ole, intact 
caplets resuheA Thecq)letswereshmyandfireeof edge-buirsandsuifecedefect^^ Thennprinted 
lettering fiiom the top punch was clearly unpressed into the caplets. 

In sharp contrast, when attempts had been made under flie same conditions, usmg the same 
equipment to compact commercially available virgin naproxm fiom tiie same manufacturer, and 
witiiout use ofany binder, all such attempts resuhed in utter feilure. No unbroken c^let of n^xen 
could be produced. Insteiad, as the punches were separated, ^proxunately half of tiie naproxen had 
studc to the top pum^ and the imainder had stuck to Ihe bott^ 

Bcample 12, which is presented for coniparative purposes, iUustrates a mefliod of producing 
tablets fiom large average particle size U-dibromo-5,5-dimethylhydautoin without use of binders, 
and the crush strengdi of such tablets. These and related results are set forth in cranmonly-owned 
copending Application No. 09/484,687, referred to at the outset 
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EXAMPLE 12 

Five gram samples of 13-diT)iDmo-5,5-dimefliylhydantoin of large average particle size were 
compacted without binder in a Sintech press (MTS Systems Corporation, Edenprairie, Minnesota) 
equipped with a punch and die fabricated from Hastelloy® C alloy. Prior to filling the die, its interior 
surfaces were lightly dusted with a micronized polypropylene wax to serve as a lubricant The 
pressure appUed was 34,475 kPa (5000 psi) with no dwell time. The resultant tablets after removal 
fi-om the die were aged for 6 days at room temperature. Thereiqwn the tablets were subjected to 
crush strength testing as in Example 6. Two groups of such tests were conducted. One set (Set A) 
involved forming and evaluating 5 tablets from a batch of l,3-dibromo-5,5-dimethylhydantoin of 
large average particle size produced in a continuous process (see Examples 20 and 21 hereinafter). 
The other set (Set B) of tests involved 3 tablets produced from another batch of large average particle 
size of l,3-dihromo-5,5-dimethylhydantoin produced in a batch process conducted at 6TC (see 
Examples 16 and 1 8 hereinafter). Table 8 sunmiarizes the results of these tests. 



TABLES 









^^^^^ 


A 


0.927 an 
(0.365 in.) 


9.51^ 
(20.9 lb.) 


26.0 1^.54 cm 
(573 Ib/m.) 


A 


0.932 cm 
(0.367 in.) 


11.6 kg 

(25.5 lb.) 


31.6kg;2.54cm 
(69.5 IbjTm.) 


A 


0.930 cm 
(0.366 in.) 


8.71^ 
(19.2 lb.) 


23.8 kg/2.54 cm 
(52.5 Ib.to.) 


A 


0.932 cm 
(0.367 in.) 


10.4 kg 
(22.8 lb.) 


28^ kg/2.54 cm 
(62.1 Ib^in.) 


A 


0.925 cm 
(0.364 in.) 


10.8 kg 
(23.7 lb.) 


29.5 kg^.54 cm 
(65.0Ib7in.) 


Avg. of A 




10.2 kg 
(22.4 lb.) 


27.8 1^.54 cm 
(61.3 IbVin.) 


■ 

B 


0.897 cm 

(0.353 in.) 


4.9 kg 
(10.7 lb.) 


13.8 kg/2.54 cm 
(30.41b7in.) 


B 


0.894 cm 

(0.352 in.) 


5.8 kg 
(12.8 lb.) 


16.5 kg/2.54 cm 
(36.4 lb7in.) 


B 


0.899 cm 

(0.354 in.) 


4.4 kg 
(9.8 lb.) 


12.6kg^.54cm 
(27.8 lb7in.) 


Avg. of B 




S.Okg 
(11.11b.) 


14.3 kg^.54 cm 
(31.51b7in.) 
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As more fuUy described in conmioniyH)wned copending AppUcation No. 09/483,896 refeoed 
to at the outset, tablets of conventional, small particle size l,3-dibromo-5,5-dime<hylhydantoin 
devoid of binder can be tableted when first converted mto granular form and tfara tableted as 
described in that Application. 

•HiemostefFectivepresently-knownprocessforproducing l,3-dihalo-5,5-dfanethylhydantoms 
is described in commonly-owned copendmg AppUcation No. 09/484,844, ffled January 18, 2000. 
That process comprises, for example, concutteotly feeding (i) an aqueous solution or slurry formed 
fiom an inorganic base and 5,5-dimethylhydantoin, and (ii) a dominating agent and/or a chlorinating 
agent in proportions such that each nitrogen atom is substituted by a bromine or cWorine atom, 
thereby continuously forming product which precipitates in an aqueous reaction mfarture. The pH 
of the mbdure is continuously maintained m the range of 5.5 to 8.5. Examples 13-23 illustrate that 
process. In Examples 13-23, pH was monitored by use of a pH meter. In Examples 13-22, bromine 
was fed using a Cole-Parmer Masterflex computerized drive and Easy-Load* pump head. When 
conducting the continuous operations of Examples 21 and 22, the resulting reaction starry was 
collected manually and intermittently fiom the bottom of the reactor. Each fiaction was coUected 
in a 500 mL flask. 

EXAMPLE 13 

235 Grams of NaOH (5.85 mol) are dissolved m 1800g of water, and 375g of 5,5- 
dimethylhydantoin (2.93 mol) is added to the NaOH solution. There are 935g of Brj (5.85 mol) m 
the bromine reservoir. A 1-Uter jacketed flask into which the Bi^ and the 5,5-dimethylhy- 
dantoin/NaOH solution are fed is maintained at 25°C with a cooling bath. The 5,5-dimethyl- 
hydantoin/NaOH solution is co-fed to the reaction flask simultaneously with, but separately fiom, 
Brj. The feed of the 5,5-dmiethyIhydantoin/NaOH solution was initiated shorfly befi>re (eg., 3-4 
min.) the mitiation of the Brj feed. The feed rate of the 5,5-dunethyIhydantoin/NaOH solution is 10 
mL/minute, and the feed rate of the Brz is 1 .60-1 .70 mUminute. The reaction mixture is stirred wiA 
a mechanical stirrer at a rate of 350-400 rpm. During the reaction, the pH ranged fiom 7.4 to 7.9. 
The slurry that forms as the reaction progresses is collected at a rate sudi that the level of the solution 
m the reaction flask remains constant 500 mL fractions of product are collected through the bottom 
of the reaction flask, in an average time of 30 minutes per fraction. When the 5,5-dimethyl- 
hydantoin/NaOH solution feed is finished, 86g of Br^ (0.54 mol) remains in the bromme reservoir. 
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Each product fiaction is filtered and washed with three 500 mL portions of water, and the 
solid is then dried imder a stream of nitrogen. The isolated yield of l,3-dibromo-5,5-dimethyl. 
hydantoin is 673g, a yield of 80% based on 5,5-dmiethylhydantom, or a yield of 89% based on Br,. 
The active bromine content is at least 99%, as detenmned by iodometric titration. 

EXAMPLE 14 

44 Grams of NaOH (1.1 mol) are dissolved in 338g of water, and 70.4g of 5,5-dimethyl- 
hydantoin (0.55 mol) is added to the NaOH solution. There are 175.1g of Brj (1.1 mol) in the 
bromine reservoir. The reaction flask into which the Brj and the 5,5-dimethylhydantom/NaOH 
solution are fed is maintained at 35°C with a heating bath. The reaction flask is charged with -200 
mL heel (238g) of a l,3-dibromo-5,5-draiethylhydantoin filtrate (mother liquor). The 5,5- 
dimethylhydantom/NaOH solution is co-fed to the reaction flask simultaneously wifli, but separately 
fix>m,Br2. The reaction mixture is sthied with a mechanical sturer at a rate of 4 Duringthe 
reaction, the pH ranged fiom 6.9 to 8.2. The reaction temperature stabiUzed at 37^C during the 0.5 
hour addition time. When the addition of reagents is finished, the orange slurry is filtered at 35®C 
and washed witii 650 mL of water. The resultant white solid is dried overnight under a stream of 
nitrog^i. The isolated yield of l,3-dibromo-5,5-dmiethylhydantoin is 147.6g, a yield of 94%, and 
the active bromine content of tiie l,3-dibromo-5,5-dunethylhydantoin is 55.1 wt% (98.6% of the 
theoretical value), as determined by iodometric titratioiL 

EXAMPLE 15 

44 Grams of NaOH (1.1 mol) are dissolved m 338g of water, and 70.4g of 5,5-dmiethyl- 
hydantoin (0.55 mol) is added to the NaOH solution. Thiere are 172.0g of Brj (1.07 mol) in the 
bromine resCTvoir. The reaction flask into which the Brj and the 5,5-dimethylhydantoin/NaOH 
solution are fed is mamtained at 6TC with a heating bath. The reaction flask is charged with --200 
mL heel (238g) of a l,3-dihromo-5,5-dunethyIhydantom filtrate (mother Uquor). The 5,5- 
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overnight under a stream of nitrogen. The isolated yield of l,3^biomo-5,5-dimetfayIhydantoin is 
130.5g, a yield of -83% based on 5^-dimetiiylhydantoin, or a yield of -85% based on Brj. The 
active bromine content of the U-dihromo-5,5-dimethylhydantoui is 55.9 wt% (100% of the 
theoretical value), as detamined by iodometric titration. Particle size data on the l,3-dibtomo-5,5- 
dimethylhydantoiu produa formed in this operation based on a representative dried sample of the 
product are summarized in Table 9. 



TABLE 9 







Average 


237.5JI 


10% is greater than 


371.6^1 


25% is greater than 


309.8^1 


50% is greater than 


239.1^ 


75% is greater than 


165.6|i 


90% is greater than 


99.8 l^i 


Range 


0.040.541.9)1 



EXAMPLE 16 

354 Grains of NaOH (8.85 mol) are dissolved in 2700g of water. 562g of 5,5-dimethyl- 
hydantoin (4.3 86 mol) is added to the NaOH solution. The reaction flask is charged with 500 mL 
heel of a l,3-dibromo-5,5-dimetfaylhydantoin filtrate (motiier liquor). The 5,5-dimethylhydan- 
toin/NaOH solution is co-fed to the jacketed reaction flask, no heating or cooling is applied 
simultaneously with, but separately firom, Brj. Ihe feed rate of the 5,5.dimethylhydantoin/NaOH 
solutionis lOmL/minute^andthefeedrateoftheBrzismitially 1.70 mL/minute, but is adjusted later 
to 1.68 mlVminute to mauitain the pH of tiie reaction mix^ The reaction mixture is stined 

with a mechanical stirr^ at arate of 400 rpm reaction temperature is stabilized at about 42*'C. The 
slurry that forms as the reaction progresses is collected at a rate such that the level of the solution in 
the reaction flask remains constant Eight 500 mL firactions of product were collected tiirough tiie 
bottom of the reaction flask, in an average time of 30 minutes per fiaction. A total of 1374.5g of Brj 
(8.59 mol) are added during the reaction. 

Each product fraction is filtered and washed with a 500 mL portion of waten tiie solids are 
then dried overnight at 50°C in a vacuum ovea The total isolated yield of 13-dihiomo-5,5- 
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dimethylhydantoin is 1152g, a yield of 92% based on 5,5-dimethylhydai)toin, or a yield of 94% 
based on Br2. The active bromine content of the l,3-dibromo-5,S-dimeaiylhydantoia ranges j&om 
55.4 wt% to 55.7 wt% (99.1% to 99.7% of the theoretical value), as detennined by iodomettic 
titration. The average particle size of the l,3-dibromo-5,5-diinetiiy]hydantoin is greater tiian ISOf*. 

EXAMPLE 17 

89 Grams of NaOH (2.2 mol) are dissolved in 676g of water, and 141g of 5,5-dimelJiyl- 
hydantoin (1.1 mol) is added to the NaOH solution. There are 350g of Br2 (22 mol) in the bromine 
reservoir. The reaction flask into which the B12 and the 5,5-dimethylhydantoin/NaOH solution are 
fed is maintained at 67°C with a heating bath. The reaction flask is charged with -400 mL heel 
(483g) of a l^-dibromo-5,5-dimethylhydantom filtrate (mother liquor). The 5,5-<limethyl- 
hydantoin/NaOH solution is co-fed to the reaction flask simultaneously with, but separately ftom, 
Brj. The reaction mixture is stirred with a mechanical stirrer at a rate of 400 rpm. During the 
reaction, the pH ranged firom 6.8 to 7. 1, The reaction temperature stabilized at eT'C during Hie 66 
minute addition time. When the addition of reagents is finished, the orange slurry is filtered at 43®C 
and washed with 1000 mL (2x500 mL) of water. The resultant white solid is dried ovemi^t under 
a stream of nitrogen. 307.3 Grams of Brj (1 .92 mol) had been fed to the reaction flask. The isolated 
yield of l,3-dibromo-5,5-<iimethylhydantoin is 212.5g, a yield of 77% based on Br2, and 68% based 
on 5,5-dimethylhydantoin; the active bromine content of the l,3-dibromo-5,5-dimethylhydantoin is 
55.9 wt% (100% of the theoretical value), as determined by iodometric titratioiL 

EXAMPLE 18 

88 Grams of NaOH (2.2 mol) are dissolved in 338g of water, and 140.8g of 5,5-dunethyl- 
hydantoin (1 . 1 mol) is added to the NaOH solution. There are 352g of Brj (22 mol) in the bromine 
reservoir. The reaction flask into which the Bra and the 5,5-dimethylhydantoin/NaOH solution are 
fed is maintained at 69°C with a heating bath. The reaction flask is charged with -200 mL heel 
(240g) of a l,3-dibromo-5,5-dimethylhydantoin filtrate (mother liquor). The 5,5-dimethyl- 
hydantoin/NaOH solution is co-fed to the reaction flask simultaneously with, but separately fix)m, 
Br2. The reaction mixture is stirred with a mechanical stirrer at a rate of 400 rpm. During the 
reaction, the pH ranged firom 6.8 to 7.0. The reaction temperature stabilized at 68-69°C during the 
39 minute addition time. When the addition of reagents is finished, the orange slurry is filtered at 
40^C and washed with 500 mL of water. The resultant solid is dried overnight under a stream 
of nitrogen. 285.5 Grams of Brj (1.78 mol) had been fed to the reaction flask. The isolated yield of 
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13-<KbromO"5^-dimethyIhydantoia is 186.8g, a yield of 73% based on Btj, and 60% based on 5,5- 
dimethylhydantoin; the active bromine content of the l,3-dibromo-5,5-dimethyIhydantoin is 53,4 
wt% (96% of the theoretical value), as determined by iodometric titration. 

Table 10 smmnarizes the particle size data for the products of Examples 17 and 18. 



TABLE 10 




Average 
10% is greater than 



210.4^1 
38L7^ 



293.6^1 

451.2fi 



25% is greater than 



298.3|i 



349.6^ 



50% is greater than 



196.8|i 



256.3 ^ 



75% is greater than 



115.3fi 



174.9^1 



90% is grea ter than 
Range 



56.86|i 
a040-594.9fi 



110.6fi 



EXAMPLE 19 



44.2 Grams of NaOH (1.1 mol) are dissolved in 338g of water, and 70.4g of 5,5-dimethyl. 
hydantoin (0.55 mol) is added to the NaOH solution. There are 173g of Br^ (1.08 mol) in the 
bromine reservohr. The reaction flask into v^iiich the Brj and the 5,5-dimethylhydantoin/NaOH 
solution are fed is maintained at. 57*^0 with aheating bath. The reaction flask is charged with -200 
mL heel (244g) of a l,3-dibromo-5,5-dimethylhydantoin filtrate (mother liquor). The 5,5- 
dimethylhydantom/NaOH solution is co-fed to the reaction flask simultaneously with, but separately 
from,Br2. The reaction mixtiffe is stirred with a mechamcalstirr^ at a rate of 400 rpm. Duringtiie 
reaction, the pH ranged &om 6.8 to 7.2. Maintenance of the desired pH was accomplished by 
adjusting the bromine feed rate. The reaction temperature stabilized at 57X during flie 33 minute 
addition time. When the addition of reagents is finished, the orange slurry is filtered at 38°C and 
washed with 500 mL of water. The resultant white soUd is dried overnight under a stream of 
nitrogen. The isolated yield of 13-dibromo-5,5-dmiethylhydantom is 139.8g, a yield of 91% based 
on Brj, and 89% based on 5,5-dimethyIhydantoin; the active bromine content of the l,3-dihromo-5,5- 
dimethylhydantoin is 55.7 wt% (99.7% of the theoretical value), as determined by iodometric 
titration. 
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EXAMPLE 20 

44.2 Grams of NaOH (1.1 mol) are dissolved in 338g of water, and 70.3g of 5,5Hiimethyl- 
hydantoin (0.55 mol) is added to the NaOH solution. There are 172.5g of Brj (1.08 mol) in the 
bromine reservoir. The reaction flask into which the Brj and the 5,5-dimethylhydantoin/NaOH 
solution are fed is maintained at 48°C with a heating bath. The reaction flask is charged with -200 
mL heel of a l,3-dibromo-5,5-dimethylhydantoin filtrate (mother liquor). The 5,5-dimethyl- 
hydantoin/NaOH solution is co-fed to the reaction flask simultaneously with, but separately from, 
Br^. The reaction mixture is stirred with a mechanical stirrer a^ Duringihe 
reaction, the pH ranged from 6.8 to 7.2. Maintenance of the desired pH was accomplished by 
adjusting the bromine feed rate. The reaction temperature stabilized at 48^C during the 34 minute 
addition time. When the addition of reagents is finished, the orange slurry is filtered at 38^C and 
washed with 500 mL of water. The resultant white solid is dried overnight under a stream of 
nitrogen. The isolated yield of l,3-dibromo-5,5-dimethyIhydantoin is 144.8g, a yield of 94% based 
on Br2, and 92% based on 5,5-dimethylhyda^toiI^ the active bromine content of Ibe 13-dihromo-5,5- 
dimethylhydantoin is 55.0 wt% (98.4% of the theoretical value), as detennined by iodometric 
titration. 

Hie particle size data for the products of Examples 19 and 20 are summarized in Table 1 1 . 



TABLE 11 









Av^ge 


23 L2^ 


mA\i 


10% is greater than 


3383p 


281.1^1 


25% is greater than 


285.0(1 


230.9H 


50% is greater than 


228.8^ 


175.7(1 


75% is greater than 


177.8ji 


125.0(1 


90% is greater than 


133.0|i 


79.14(1 


Range 


0.040-493.6JI 


0.040-409.6fi 



EXAMPLE 21 

The process of this Example was conducted in a continuous feshion. A feed solution of 5,5- 
dimethylhydantoin/NaOH was formed by adding 5,5-dimethylhydantoin to a 9 wt% NaOH solution, 
such that the 5,5-dimethylhydantoin concentration was about 1.1 M. The 5,5-dimethylhy- 
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dantoin/NaOH solution was co-fed to the reaction flask simultaneously with, but separately fiom, 
Brj. The flask was suspended in a heating bath. Ihe reaction nuxture was stirred with a mechanical 
stirrer at a rate of 500 rpm. The reaction mixture was maintained at a pH of about 7.0tfc0.2, and flie 
reaction tonperature was maintained at 55'C. Ten fiactions of product were collected in an average 
time of 30 minutes per ftaction. The isolated yield of tiie U-dibromo-5,5-dimethylhydantom was 
90% based on 5,5-dimefliylhydantoin, and 92% based on added Brj. The purity of tiie U-dibromo- 
5,5.dimetiiylhydantoin, a white crystalline product, was 99.8%, based on the theoretical bromine 
content. Fractions 5-10 represent tiie particle size of the product as formed during steady-stale 
operating conditions. Table 12 summarizes average particle size data and particle size distribution 
data relating to fractions 5-10 based on samples of each such fraction taken during tiie steady-state 
operation of tiie continuous process. The detenninations showed tiiat a bimodal distribution of tiie 
product had been produced. The overaU average particle size of tiie product was 5 12.3 microns. 





TABLE 12 














Average 


371.7H 


445.6JI 


535.5[i 


560.3^1 


545.9)1 


10% is 
greater than 


530.7H 


626.0|i 


724.7^ 


805.0^1 


952.1)1 


25% is 
greater than 


4622^ 


550.9^1 


6433)1 


729.3)1 


833.4)1 


50% is 
greater than 


386.0^ 


474.5fi 


559.7)1 


641.8)1 


676.7)1 


75% is 
greater than 


256.8^ 


369.6(1 


447.8)1 


436.1)1 


149.6)1 


90% is 
greater than 


94.76^ 


134.4^ 


150.3)1 


94.5)1 


76.02)1 


Range 


0.791-786.9M; 
1255-15 12^1 


4.241-786.9|4; 

1143-1255^1 


3.519-863.9M; 
1143-1512)1 


3.519-8.639|i; 
1143-1512)1 


0.721-409.6)1; 
493.6-1255)1 



EXAMPLE 22 

AnotiiercontinuousoperationwasconductedinamamieramilartotiiatofExample21. The 
feed solution was formed by dissolviug 355g (8.87 mols) in 3550g of water. To fliis was added 560g 
(4.37 mols) of 5,5-dimetiiylhydantQin. The concumait feeds were adjusted to maintam tiie pH of tiie 
aqueous reaction mixture at 7.0±02. Hie temperature was maintained at 55»C. The total amount 
of bromine (Brj) fed was 1359.4g (8.50 mols). As in Example 21, ten fractions of tiie reaction 
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mixture were collected. However, in this operation, the addition rates were adjusted such that the 
average residence time was approximately 1 hour per fiaction. The total isolated yield of 1,3- 
dibromo-5,5-dimethylhydantoin was 88% based on 5,5-dimethylhydantoin used and 90% based on 
the added bromine. The l,3-dibromo-5,5-dimethylhydantoin product was obtained as a white 
crystalline solid. Table 1 3 summarizes the average particle size data and product distribution data 
relating to the product fonned in this reaction. Fractions 5-10 represent the particle size of the 
product as formed during steady-state operating conditions. As in Example 21, the product formed 
was bimodal. In Table 13 "n.d." indicates that the particle size determination for the larger particle 
sized fraction was not determined; the instrument used could not measure particles having a particle 
size greater than 2000 microns. The overall average particle size of the product was at least 455.5 
microns. 



TABLE 13 





■V'" ' ■ vv ■ ■•'^'^^yy^-y/^. ? r y-i%y\ 










Average 


421.2H 


478.6^1 


494.0^ 


536.6m 


631.9m 


10% is 

greater than 


606.5^1 


699. Iji 


781.7^ 


1063m 


1438m 


25% is 
greater tiban 


532. IH 


623.4^ 


681.5^ 


813.9m 


995.7m 


50% is 
greater than 


452.3^ 


535,0|i 


548.5m 


546.7m 


522.8 


75% is 
greater Hian 


340.0|i 


372.2ji 


176.6m 


150.3m 


160.7m 


90% is 
greater than 


140.8|t 


112.8^ 


68.94m 


72.93 


81.68m 


Range 


2.423-786.9n; 

n.cL 


2.423-863.9^; 
n.d. 


1.520.863.9m; 
1255-1512M 


0.04.2000m; 
iLd. 


0.04->2000m; 
n.(L 



EXAMPLE 23 

Another continuous operation was performed using a glass reactor into which were 
concurrently fed, on a continuous basis, an aqueous solution fonned &om 5,S-dimethylhydantoin and 
NaOH, and a separate feed of bromine. The aqueous solution was made by adding 5,5- 
dimethylhydantoin to an aqueous 9 wt% NaOH solution. This solution contained about 22.4 wt% 
of5,5-dimefliylhydantoinand7wt%NaOHL A one liter, jacketed reactor having an interior diameter 
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of 82 millimeters equipped with an andior agitator, witih an outer diameter of 72 millimeters, was 
used, and a siUcone fluid (RhodersU 4720V20 fluid; Rhone-Poulenc) was circulated fljrough the 
jacketing. The temperature ofthe reaction was controUed at 38°C. Both feeds were controlled by 
pumps; the average feed rate of the 5,5-dimethylhydantoin/NaOH solution was 15.84 grams/minute 
via a Prominent Gamma G/4A positive displacement punq?, and the average feed rate of the bromine 
was 4.67 grams/minute via a Masterflex Easy-Load peristaltic pump. The reaction mixture was 
stirred at 400 rpm. The pH of the reaction was monitored by measuring the pH of the effluent using 
a pH meter, and the pH ranged from 6.06 to 6.36 during the reaction. Product removal from the 
reactor was also controlled by a pump. Residence time was, on average, 30 minutes per fraction; ' 
each fraction was about 500 mL. A yield of 90.5% of U-dihromo-5,5-dimethymydantoin was 
obtained, based on the amount of 5,5-dimethylhydantoin fed to the reactor. The active bromine 
content of the l,3-dibromo-5,5-dimethylhydantoin was >55.3%, as determined by standard 
iodometric tittatioit Thus, the purity of this product was greater dian 99.0%. 

Table 14 summarizes particle size data on the l,3-dibromo-5,5-dimediylhydantoin product 
formed in the continuous operation of Example 23. These data are averaged data based on two 
samples taken at dififerent times during the continuous operation once steady state conditions, or 
essentially steady state conditions, had been achieved. 



TABLE 14 







Average 


188.9|i 


10% is greater than 


2952ji 


25% is greater than 


255.6^ 


50% is greater than 


203. Iji 


75% is greater Aan 


122.5|i 


90% is greater than 


55.9n 


Range 


0.872 - 356.5H 



As used herein, values given for crush strength are as measured using the ^>paratus and 
procedure as described in Example 6 above. When the compacted article is in a form other than a 
cylindrical tablet (e.g., a granule, caplet, briquette, or puck), the article being tested is to be 
positioned on the load cell and under the screw-driven piston with the longest axis of tiie article in 
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the vertical position. In addition, the micrometer is iised to measure the Ih^^ 

when the article is positioned on the load cell and under the screw-dtiven piston with the longest axis 

of the article in the vertical position. 

Compounds refeixed to by chemical name or foimula anywhere in this document, Mdiether 
referred to in the singular or plural, are identified as they exist prior to coming into contact with 
another substance referred to by chemical name or chemical type (eg., anothCT component, or a 
solvent). It matters not what preliminary chemical changes, if any, take place in the resulting mixture 
or solution, as such changes are the natural result of bringing the specified substances together under 
the conditions specified in this disclosure. Also, even though the clauns may refer to substances in 
the present tense "comprises," "is"), the reference is to the substance as it exists at the time just 
before it is first contacted, blended or mixed with one or more other substances m accordance with 
the present disclosure. 

Except as may be ea^jressly otherwise indicated, the article "a" or "an" if and as used herem 
is not intended to hmit, and should not be construed as limiting, a claim to a single element to which 
the article refers. Rather, the article "a" or "an" if and as used herem is intended to cover one or more 
such elements, unless the text expressly indicates otherwise. 

This invention is susceptible to considerable variation m its practice. Therefore the foregoing 
description is not intended to limit, and should not be construed as limiting, the invention to the 
particular exempUfications presented heremabove. Rather, what is intended to be covered is as set 
forth in the ensuing claims and the equivalents thereof permitted as a matter of law. 
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imx WmCH IS CLAIMED IS: 

1 . A shape-retentive compacted composition, wbich comprises a pressure compacted 
blend of a powdery or finely-divided active ingredient and a binder quantity of a micromzed 
synthetic polyolefin-based hydrocarbon wax and/or a micronized synthetic polyfluorocaibon wax, 
said wax bemg compatible with said active ingredient 

2. A composition of Claim 1 vdierein said wax is a poiyetiiylene wax. 

3. A composition of Claim 1 wherein said wax is a polypropylene wax. 

4- A composition of Claim 1 wherein said wax is a blend of polyolefin and polyfluoro- 

carboiL 

5. A composition of Claim 1 wherein said wax has, prior to compac&cm, an average 
particle size of no greater than about 15 microns. 

6. A composition of Claim 1 wherein said wax has, prior to compaction, a maximum 
particle size of no greater than about 40 microns. 

7. A composition of Claim 1 wherein said wax has, prior to compaction, a bulk deimty 
in the range of 0.9 to 1.4 grams per cc at 25°C. 

8. A composition of Claim 1 wherein, prior to compaction, said wax at least partially 
melts at a temperature in the range of 100°C to ISO'^C. 

9. A composition of any of Claims 1-4 wherein said wax has, prior to conq)action, an 
average particle size of no greater than about 15 microns, a maximum particle size of no greater than 
about 40 microns, and a bulk density in the range of 0.9 to 1 .4 grams per cc at 25°C. 

10. A composition of Claim 1 wherein said wax is a polyethylene wax that, prior to 
compaction, melts at a temperature in the range of 109°C to 1 1 1'^C. 

« 

11. A composition of Claim 1 wherein said wax is a polyethylene wax that has, prior to 
compaction, an average particle size in the range of 6.0 to 8.0 microns. 

12. A composition of Claim 1 wherem said wax is a polyethylene wax that has, prior to 
compaction, a maxi mu m particle size of about 22 microns. 

13. A composition of Claim 1 wherein said wax is a polyethylene wax that, prior to 
compaction, melts at a temperature m the range of 109°C to 1 11°C, has an average particle size m 
the range of 6.0 to 8.0 microns, and has a maximum particle size of about 22 microns. 
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14. A composition of Claim 1 wherein said wax is a polypropylene wax that, prior to 
compaction, melts at a temperature in the range of MO^'C to MS'^C. 

15. A composition of Claim 1 wherein said wax is a polypropylene wax that, prior to 
compaction, has an average particle size in the range of 5.0 to 7.0 microns. 

16. A composition of Claim 1 wherein said wax is a polypropylene wax that, prior to 
compaction, has a maximum particle size of about 22 microns. 

17. A composition of Claim 1 wherein said wax is a polypropylene wax that, prior to 
compaction, melts at a temperature m the range of HO'^C to 143°C, has an average particle size in 
the range of 5.0 to 7.0 microns, and has a maximum particle size of about 22 microns. 

18. A composition of Claim 1 v^erein said wax is a blend of polyolefin and polyfluoro- 
carbon, and said wax, prior to compaction, at least partially melts at a temperature in the range of 
104°C to 126°C . 

19. A composition of Claim 1 8 wherein said wax, prior to compaction, partially melts at 
a temperature in the range of 104*'C to 1 10°C. 

20. A composition of Claim 1 8 wherein said wax has, prior to compaction, an average 
particle size in the range of 5 to 7 microns. 

21 . A composition of Claim 1 8 wherein said wax has, prior to compaction, a mairiTn^np 
particle size of about 22 microns. 

22. A composition of Claim 1 8 wherein said wax, prior to compaction, partially melts at 
a temperature in the range of 104^C to llO^C, has an average particle size in the range of 5 to 7 
microns, and has a maximum particle size of about 22 microns. 

23. , A composition of Claim 1 8 wherein said wax, prior to compaction, partially melts at 
a temperature in the range of 124''C to 126°C. 

24. A composition of Claim 1 8 wherein said wax has, prior to compaction, an av^xige 
particle size in the range of 9 to 11 microns. 

25. A composition of Claim 1 8 wherein said wax has, prior to compaction, a maximum ' 
particle size of about 3 1 microns. 

26. A composition of Claim 1 8 wherein said wax, prior to compaction, partially melts at 
a temperature in the range of 124°C to 126°C, has an average particle size in the range of 9 to 1 1 
microns, and has a maximum particle size of about 3 1 microns. 
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27. A composition of Claim 1 wherein said wax is a modified polyfluoiocariwn wax that, 
prior to compaction, partially melts at a temperature in the range of 108°C to 1 1 5*^0. 

28 A composition of Claim 27 wherein said wax has, prior to compaction, an average 
particle size in the range of 5 to 6 microns. 

29. A composition of Claim 27 wherem said wax has, prior to compaction, a mflYiimiTn 
particle size of about 22 microns. 

30. A composition of Claim 1 wherein said wax is a modified polyfluoiocarbon wax that, 
prior to compaction, partially melts at a tempCTature in the range of 108°C to 1 15^C, has an average 
particle size in the range of 5 to 6 microns, and has a maximum particle size of about 22 microns! 

31. A composition of any of Claims 1 -8 wherein said binder quantity is in the range of 
0.5 to 10 wt%, based on the total weight of said active ingredient and said wax, 

32. A composition of any of Claims 1-8 \?s4ierein said binder quantity is in the range of 
1 to 5 wt%, based on the total weight of said active ingredient and said wax. 

33 . A composition of Claim 1 wherein said active ingredient is a pharmaceutical. 

34. A composition of Claim 33 wherein said composition fiirflier comprises at least one 
pharmaceutically acceptable excipient or carrier. 

35. A composition of Claim 1 wherein said active ingredient is a dietary supplement 

36. A composition of any of Claims 33-35 wherein said composition is piovided with an 
enteric coating. 

37. A composition of Claim 1 wherein said active ingredient is an agricultural chemical. 

38. A composition of Claim 37 wherein said composition fiirther comprises at least one 
agriculturally-acceptable adjuvant or carrier. 

39. A composition of Claim 1 wherein said active ingredient is a water-treating agent 

40. A composition of Claun 1 wherein said active ingredient is a biocidal agent 

41. A composition of Claim 40 wherem said biocidal agent is a mono-N-halo-5,5- 
dialkylhydantom in which the halogen atom is a chlorine or bromine atom. 

42. A composition of Claun 40 wherein said biocidal agent is an N,N'-dihalo-5,5- 
dialkylhydantoin in which each halogen atom is, independentiy, a chlorine or bromine atom. 

43. A composition of Claim 42 wherein each alkyl group of said N^'-dihalo-5,5- 
dialkylhydantoin contams, mdependentiy, in the range of 1 to 6 carbon atoms. 
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44. A composition of Claim 43 wherein said N,N'-dihalo-5,5-dialkylhydantoin is a 1 ,3- 
dichloro-5,5-dialkyIhydantoin. 

45. A composition of Claim 43 wherein said N^'-dihalo-5,5-diaIkylhydantoin is an 
N,N'-bromochloro-5,5-dialkylhydantoin. 

46. A composition of Claim 43 wherein said N^'-dihalo-5,5-dialkylhydantoin is a 1,3- 
dibromo-5,5-dialfcylhydantoin. 

47. A composition of Claim 43 wherein said N,N'-dihaIo-5,5-dialkyIhydantoin is 1 ,3- 
dichloro-5,5-dimethylhydantorQ. 

48. A composition of Claim 43 v^iierein said NJ^'-dichloro-5,5-diallqrlhydantoin is a 
mixture of 13-dichloro-5,5-dimethylhydantoin and l,3-dichloro-5-ethyl-5-methyl-hydantoin. 

49. A composition of Claim 43 wherein said N,N'-dihalo-5,5-dialkylhydantoin is an 
N,N'-bromochloro-5,5-dimethylhydantoin. 

50. A composition of Claim 43 wherein said N,N'-dihalo-5,5-dia]]jylhydantom is a 
mixture of N^'-hromochloro-5,5-dimethylhydantoin and 13-dichloro-5-ethyl-5-methylhydantoin. 

51. A composition of Claim 43 wherein said NJ^'-dihalo-5,5-diall5ylhydantoin is 1,3- 
dibromo-5,5-dimethylhydantoin. 

52. A composition of Claim 43 wherein said NJN'-dihalo-5,5-dialkylhydantoin is a 1,3- 
dichloro-5,5-dialkylhydantom, anNJ^'-bromochloio-5,5-dialkylhydantoin, and/or a 1,3-dibromo- 
5,5-dialkylhydantoin, and wherein said wax is a polyethylene wax, a polypropylene wax, or wax 
blend of polyolefin and polyfluorocarbon. 

53. A composition of Claim 52 wherein said wax has, prior to compaction, an average 
particle size of no greater than about 15 microns. 

54. A composition of Claim 52 wherein said wax has, prior to compaction, a maximmn 
particle size of no greater than about 40 microns, 

55. A composition of Claim 52 wh^ein said wax has, prior to compaction, a bulk density 
in the range of 0.9 to 1.4 grams per cc at 25°C. 

56. A composition of Claim 52 wherein said wax, prior to compaction, at least partially 

melts at a temperature m the range of 100°C to 150X. 

V 

57. A composition of Claim 52 wherein said wax has, prior to compaction, an average 
particle size of no greater tiian about 15 microns, a maximum particle size of no greater than about 
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40 micrcMis, and a bulk density in the range of 

prior to compaction, at least partially melts at a temperature in the range of 100°C to about 150°C. 

58. A composition of Claim 43 wherein.said N,N'.dihalo-5,5-dialkylhydantoin is: 

a) l,3-dichloio-5,5"dimethyIhydantoin; 

b) a mixture of l,3-dichloro-5,5-dimethylhydantoin and l,3-dichloro-5-^thyl.5-methyl. 
hydantoin; 

c) an N^'-hromochloro-5,5-dimethylhydantoin; 

d) a mixture of N^'-bromochloro-5,5-dimethylhydantom and l,3-dichloro-5^yl.5- 
melhylhydantoin; or 

e) l,3-dibromo-5,5-dimethylhydantoin;and 

v^erem said wax is a polyethylene wax, a polypropylene wax, or a wax blend of polyolefin and 
polyfluorocarbon. 

59. A composition of Claim 58 wherein said wax, prior to compaction, has an average 
particle size of no greater than about 15 microns. 

60. A composition of Claim 58 wherein said wax, prior to compaction, has a maximum 
particle size of no greater than about 40 microns. 

61 . A composition of Claim 58 wherein said wax, prior to compaction, has a bulk density 
in the range of 0.9 to 1.4 grams per cc at 25X. 

62. A composition of Claim 58 wherein said wax, prior to compaction, at least partially 
melts at a temperature m the range of 100°C to 150°C. 

63 . A composition of Claim 5 8 wherein said wax, prior to compaction, has an average 
particle size of no greater than about 1 5 microns, a maximum particle size of no greater than about 
40 microns, and a bulk density in the range of 0.9 to 1 .4 grams per cc at 25 °C; and wherein said wax, 
prior to compaction, at least partially melts at a temperature in the range of 100°C to 150°. 

64. A composition of Claim 1 wherein said active ingredient has an average particle size 
ofless than about 300 microns, and is l,3-dichloro-5,5-dimethylhydantoin, l,3-dichloro-5-ethyl-5- 
mefhylhydantoin, an N,N'-brornochloro-5,5"dimethylhydantoin, or l,3-dibromo-5,5-dmiethyl. 
hydantoin, or a mfarture of any two or more of said hydantoms. 

65. A composition of Claim 64 wherein said wax is a polyethylene wax, a polypropylene 
wax, or a wax .blend of polyolefin and polyfluorocarbon. 
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66. A composition of Claim 1 wherein said active ingredient, prior to compaction, has 
an average particle size of less than about 200 microns, and is l,3-dichloro-5,5-dimethylhydantom, 
l,3-dichloro-5-ethyl-5-methylhydantoin, an N,N'-bromochloro-5,5-dhnethylhydantoin, or 1,3- 
dibromo-5,5-dimethylhydantoin, or a mixture of any two or more of said hydantoins. 

67. A composition of Claim 66 wherein said wax is a polyethylene wax, a polypropylene 
wax, or a wax blend of polyolefin and polyfluorocarbon. 

68. A composition of Claim 1 wherein said active ingredient has an average particle size 
of at least about 300 microns prior to compaction, and is l,3-dihalo-5,5-dimethylhydantoin in which 
each halogen atom is, independently, a chlorine atom or a bromine atom, and wherein said wax, prior 
to compaction, has an average particle size of no greater than about 15 miocons, a msnc\rt)um particle 
size of no greater than about 40 microns, and a bulk density in the range of 0.9 to 1.4 grams per cc 
at 25°C. 

69. A composition of Claim 68 wherein said wax is a polyethylene wax, a polypropylene 
wax, or a wax blend of polyolefin and polyfluorocarbon. 

70. A method of producing a shape-retentive compacted composition, which method 
comprises pressure compacting a blend of a powdery or finely-divided active ingrediCTt and a binder 
quantity of a micronized synthetic polyolefin-based hydrocarbon wax and/or a micronized synthetic 
polyfluorocarbon wax, said wax being compatible with said active ingredient. 

71. A method of Claim 70 wherein said wax has, prior to compaction, an average particle 
size of no greater than about 15 microns. 

72. A method of Claim 70 wherein said wax has, prior to compaction, a mayitm ini 
particle size of no greater than about 40 microns. 

73 . A method of Claim 70 wherein said wax has, prior to compaction, a bulk density in 
the range of 0.9 to 1 .4 grams per cc at 25''C. 

74. A method of Claim 70 wherein said wax, prior to compaction, at least partially melts 
at a tempemture in the range of 1 00°C to 1 50°C. 

75. A method of Claim 70 wiierein said wax, prior to compaction, has an av^iage particle 
size of no greater than about 15 microns, a maximum particle size of no greater than about 40 
microns, and a bulk density in the range of 0.9 to 1 .4 grams per cc at 25'*C. 
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76. A method of any of Claims 70-75 wherein said blend is fomied by tumble blending 
said powday or finely-divided active ingredient and said micronized wax to produce a substantially 
uniform blend 

77. A method of any of Claims 70-75 wherein said blend is formed by ribbon blending 
said powdery or finely-divided active ingredient and said micronized wax to produce a substantially 
imiform blend. 

78. A melhod of Claim 70 wherein said pressure compacting is conducted at a pressure 
in the range of 6,895 to 205,500 kPa (1000 to 30,000 psi). 

79. A dry blend for use in the production of pressure compacted, sh^-retentive article, 
said blend comprising a powdery or finely-divided active ingredient and a micronized synthetic 
polyolefin-based hydrocarbon wax and/or a micronized synthetic polyfluorocarbon wax that is 
compatible with said active ingredient 

80. A blend of Claim 79 wherein the amount of said wax is effective to form a shape- 
retentive article when said blend is subjected to pressure compaction. 

81. A blend of Claim 80 wherein said active ingredient is a pharmaceutical, a dietary 
supplement, an agricultural chemical, a water-treating agent or a biocidal agent. 

82. A blend of Claim 81 wherein said blend finther comprises at least one excipient or 

carrier. 

83. A blend of any of Claims 79-82 wherein the active ingredient is l,3-dihalo-5,5- 
dialkylhydantoin. 

84. A shape-retentive compacted composition, which comprises a pressure contacted 
blend comprising a powdery or finely-divided profen pharmaceutical and a binder quantity of a 
micronized synthetic polyolefin-based hydrocarbon wax and/or a micronized synthetic polyfluoro- 
carbon wax, said wax being compatible with said profen pharmaceutical. 

85. A composition of Claim 84 wherein said wax is a polyethyl^e wax, a polypropylene 
wax, or a wax blend of polyolefin and polyfluorocarbon. 

86. A composition of Claim 84 or 85 wherein said profen pharmaceutical is naproxen. 

87. A composition of Claim 79 wherein said active ingredient is 13-dibromo-5,5- 
dimetiiylhydantoin, wherein the wax is a micronized polyethylene wax, and wherein the amount of 
the micronized polyethylene wax is in the range of 1 to 5 wt% based on the total weight of the 1,3- 
dibromo-5,5-dimethylhydantoin and the polyethylene wax. 
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88. A composition of Claim 87 wherein said wax is a polyethylene wax that, prior to 
compaction, melts at a temperature in the range of lOP^'C to 1 1 l^C. 

89. A composition of Claim 87 wherein said wax is a polyethylene wax that has, prior 
to compaction, an average particle size in the range of 6.0 to 8.0 microns. 

90. A composition of Claim 87 wherein said wax is a polyethylene wax that has, prior 
to compaction, a maximum particle size of about 22 microns. 

91 . A composition of Claim 87 wherein said wax is a polyethylene wax that, prior to 
compaction, melts at a temperature in the range of 109°C to 1 1 PC, has an average particle size in 
the range of 6.0 to 8.0 microns, and has a maximum particle size of about 22 miCTons. 

92. A compacted form or shape formed by pressure compacting a composition of any of 
Claims 87-91. 

93. A tablet formed by pressure compactiiig a dry inixtureconsistiiig essentially of (i) 1,3- 
dibromo-5,5-dime(hylhydantoin particulate solids having an avCTage particle size in the range of 125 
to 300 microns, and (ii) a micronized polyethylene wax m an amount in the range of 1 to 5 wt% 
based on the total weight of tiie l,3-dibromo-5,5-dimetiiylhydantoin and the polyethylene wax. 

94. A composition of Claim 93 wherem said polyethylene wax, prior to compaction, 
melts at a temperature in tiie range of 109X to 1 1 PC, has an average particle size m the range of 
6.0 to 8.0 microns, and has a maximum particle size of about 22 microns. 

95. A composition of any of Claims 1-8 wherein said compacted composition has a crush 
strength in the range of 27.25 to 91 kg per 2.54 cm (60 to 200 pounds per inch) of thickness. 
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